The abilities of plasma and serum to support the growth of vascular smooth muscle cells maintained on uncoated tissue culture dishes or dishes coated with an extracellular matrix (ECM) have been compared. Vascular smooth muscle cells maintained on plastic dishes and exposed to plasma proliferate poorly; when exposed to serum they proliferate actively. Addition of fibroblast growth factor (FGF) increases the growth rate of the cultures in both cases. In contrast, when vascular smooth muscle cells are maintained on an ECM, they proliferate equally well exposed to either plasma or serum. Because the cultures had an average doubling time (15 hr) that was already at a minimum, FGF no longer had an effect on vascular smooth muscle cell proliferation. These results raise the possibility that the lack of response of vascular smooth muscle cells, as well as that of other cell types in vitro, to plasma factors is not an intrinsic property of the cells but is rather due to the substrate upon which the cells rest. Because cells maintained on an ECM res nd to plasma factors, it is likely that the close contact of the celIs with the ECM restores their sensitivity to physiological factors present in plasma. Culture of most cells in vitro requires the presence of serum (1). Consequently, investigators have spent much effort to identify the various factors in serum that stimulate cell growth in vitro. An important step in the search for serum growth factors has been the finding that one of the most potent mitogenic factors present in serum is derived from platelets. Such a possibility, first postulated by Balk (2), was based on studies of the growth of chicken embryo fibroblasts in medium supplemented with plasma or serum. Chicken fibroblasts do not proliferate in plasma-containing medium (2), but when they are exposed to serum they proliferate actively. It was therefore concluded that serum contained growth-promoting activity that was absent from plasma (3). These studies were followed by reports which demonstrated that platelets are the source of a potent mitogen present in serum but not in plasma. Whereas plasma was unable to support the growth of aortic smooth muscle cells (4) or of BALB/c 3T3 cells (5), serum made from the same pool of blood stimulated their proliferation. Addition of a platelet extract to cell-free plasma-derived serum restored the growth-promoting activity (4-6). One could therefore conclude that one of the principal mitogens responsible for the induction of DNA synthesis present in whole blood serum is derived from platelets (4-6). The difference in the proliferative ability of cells exposed to plasma or to serum results from the absence of the platelet factor in the former.
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The abilities of plasma and serum to support the growth of vascular smooth muscle cells maintained on uncoated tissue culture dishes or dishes coated with an extracellular matrix (ECM) have been compared. Vascular smooth muscle cells maintained on plastic dishes and exposed to plasma proliferate poorly; when exposed to serum they proliferate actively. Addition of fibroblast growth factor (FGF) increases the growth rate of the cultures in both cases. In contrast, when vascular smooth muscle cells are maintained on an ECM, they proliferate equally well exposed to either plasma or serum. Because the cultures had an average doubling time (15 hr) that was already at a minimum, FGF no longer had an effect on vascular smooth muscle cell proliferation. These results raise the possibility that the lack of response of vascular smooth muscle cells, as well as that of other cell types in vitro, to plasma factors is not an intrinsic property of the cells but is rather due to the substrate upon which the cells rest. Because cells maintained on an ECM res nd to plasma factors, it is likely that the close contact of the celIs with the ECM restores their sensitivity to physiological factors present in plasma. Culture of most cells in vitro requires the presence of serum (1) . Consequently, investigators have spent much effort to identify the various factors in serum that stimulate cell growth in vitro. An important step in the search for serum growth factors has been the finding that one of the most potent mitogenic factors present in serum is derived from platelets. Such a possibility, first postulated by Balk (2) , was based on studies of the growth of chicken embryo fibroblasts in medium supplemented with plasma or serum. Chicken fibroblasts do not proliferate in plasma-containing medium (2) , but when they are exposed to serum they proliferate actively. It was therefore concluded that serum contained growth-promoting activity that was absent from plasma (3) . These studies were followed by reports which demonstrated that platelets are the source of a potent mitogen present in serum but not in plasma. Whereas plasma was unable to support the growth of aortic smooth muscle cells (4) or of BALB/c 3T3 cells (5) , serum made from the same pool of blood stimulated their proliferation. Addition of a platelet extract to cell-free plasma-derived serum restored the growth-promoting activity (4) (5) (6) . One could therefore conclude that one of the principal mitogens responsible for the induction of DNA synthesis present in whole blood serum is derived from platelets (4) (5) (6) . The difference in the proliferative ability of cells exposed to plasma or to serum results from the absence of the platelet factor in the former.
All studies have thus far used cells maintained on plastic rather than on a basal lamina or an extracellular matrix (ECM), which in vivo is the natural substate upon which cells migrate, proliferate, and differentiate. This difference in the substrate upon which the cells are maintained could have prevented their response to physiological factors present in plasma, thereby creating the difference in mitogenic activity between plasma and serum. In recent studies the proliferative behaviors of four different cell types maintained on plastic or on an ECM produced by corneal endothelial cells (7) have been compared. Bovine adrenal cortex cells, granulosa cells, and vascular or corneal endothelial cells maintained on plastic and exposed to optimal serum concentration do not proliferate unless they are exposed to fibroblast growth factor (FGF) (8) (9) (10) (11) . In contrast, when maintained on a corneal ECM these same cell types proliferated actively and FGF was not required in order for the cultures to become confluent (7) . One can therefore conclude that the close contact of the cells with the ECM must make them responsive to factors present in serum and that adherence to plastic prevents such a response. That this is likely to be the case was inferred from the observation that the growth rate of cells maintained on an ECM was a direct function of the serum concentration to which they were exposed (7). Therefore, in regard to proliferation, those cells that exhibit a total dependence on FGF but not on serum when maintained on plastic contrariwise exhibit a total dependence on serum and no longer require FGF when maintained on an ECM. The simple change of substrate from plastic to ECM could therefore restore the sensitivity of the cells to mitogens present in serum, which could be the same as those present in plasma.
To explore the possibility that the serum factors to which cells maintained on ECM become sensitive are also present in plasma, in the present study we dextran T-40, and 50 ,g of gentamycin and 2.5 ,ug of Fungizone per ml. FGF (100 ng/ml) was added every other day until the cultures became subconfluent. Once the plates became confluent (ordinarily within 6 days) and signs of basement membrane formation could be observed by phase-contrast microscopy (7), the cultures were washed with phosphatebuffered saline and then exposed for 30 min to buffered saline containing 0.5% Triton X-100. Once the nuclei and the ECM became clearly visible, the cultures were washed three times with phosphate-buffered saline (7) . After these washings, only a few cytoskeletons and nuclei could be observed associated with the intact ECM which coated the entire dish (7). To check for the possible adsorption of FGF to the ECM produced by corneal endothelial cell cultures, 125I-labeled FGF (105 cpm/ml) was added every other day together with 100 ng of unlabeled FGF per ml. The ECM prepared as described above was then solubilized with 0.5 M NaOH and assayed for radioactivity in a Beckman scintillation gamma counter. Less than 100 cpm of 125I-labeled FGF was found to be associated with the ECM. This is less than 0.1% of the original concentration of FGF to which the cells were exposed and represents an adsorption to the ECM of at most 0.1 ng of FGF. This value is far below the FGF concentration required to induce maximal proliferation of vascular smooth muscle cells (14) . Therefore, the proliferation of vascular smooth muscle cells maintained on the ECM and exposed to plasma cannot be attributed to previous adsorption of FGF to the ECM. To test for the possible association of serum proteins with the ECM, the ECM was radiolabeled by using NaI31I and lactoperoxidase-catalyzed iodination. The '311-labeled ECM was subsequently analyzed by NaDodSO4/polyacrylamide gel electrophoresis and autoradiography. No serum protein associated with the ECM could be detected when such analysis was performed.
Preparation of Bovine Plasma and Serum. Plasma (platelet-poor plasma serum) and serum (whole blood serum) were prepared from bovine blood as described (4, 15 (Fig. IA) . When such cultures were observed by phase-contrast microscopy, the cells were considerably enlarged (Fig. 2A) . When the same cultures were exposed to serum (10%) instead of plasma, the cells proliferated actively over a period of [6] [7] [8] (A, B) or ECM (C, D). Cultures were plated and maintained as described in Fig. 1 and exposed to either 10% plasma (A, C) or 10% serum (B, D). Pictures were taken on day 8. (Phasecontrast optics; X100.) increase in cell number (Fig. 1B) . During the logarithmic growth phase the mean doubling time of the cultures was 30 hr. These results therefore confirm previous results showing that, when cells are maintained on plastic and exposed to plasma they proliferate poorly or not at all whereas they actively proliferate when exposed to serum (4, 5) . In contrast to the above results, when cells were maintained on an ECM and exposed to plasma, they proliferated actively (Fig. iC) . Within 6 days the cell number increased by 30-fold and during the logarithmic growth phase the mean doubling time of the cultures was as low as 15 hr (Fig. 1C) . Plasma was therefore even more mitogenic for cells maintained on an ECM than was serum for cells maintained on plastic. The growth rate and the final cell density of cultures maintained on an ECM and exposed to either plasma (Fig. IC) or serum (Fig. ID) were the same. The differences between plasma and serum in their abilities to support cell growth, which were evident when the cells were maintained on plastic, vanished when the cells were maintained on an ECM. Morphologically, the difference between a culture maintained on plastic and exposed to serum (Fig. 2B ) and a culture maintained on an ECM and exposed to either plasma (Fig. 2C) or serum (Fig. 2D) is apparent in the respective average cell sizes. Cultures maintained on an ECM and exposed to either plasma or serum were composed of small, spindly, overlapping, and tightly packed cells that, on an average, were one-fifth to one-third the mean cell size of cultures maintained on plastic and exposed to serum. Cells maintained on plastic and exposed to plasma ( Fig. 2A) were, on an average, 10-fold larger than cells maintained on an ECM and exposed to plasma (Fig.  2C) .
Response to FGF of Vascular Smooth Muscle Cells Exposed to Plasma or Serum When Maintained on Plastic or ECM. Earlier studies have shown that FGF, which has many similarities to the platelet-derived growth factor [same molecular weight and isoelectric point (6)], is a mitogen for vascular smooth muscle cells (14) . We therefore compared its effects on cells maintained on plastic or an ECM exposed to either plasma or serum. Cells maintained on plastic and exposed to plasma hardly proliferated (Fig. 3A) . In contrast, when FGF was added to the cultures, the cells rapidly divided. After 7 days there was a 25-fold increase in cell number. The final cell density of cultures maintained on plastic and exposed to plasma plus FGF was higher than that of cultures maintained on plastic and exposed to serum alone. This demonstrates that the addition of (A, A) . The cultures were then maintained with DME medium supplemented with 2.5 ,gg of Fungizone and 50 ,gg of gentamycin per ml and with either 10% plasma (A) or 10% serum (B). FGF (100 ng/ml) was added every other day to half of the cultures (0, A).
FGF to the medium of cells maintained on plastic can make up for the difference in mitogenic activity between plasma and serum. The growth rate of cultures maintained on plastic and exposed to plasma and FGF and that of cultures maintained on an ECM and exposed to plasma but not to FGF were similar. A noticeable but small difference was that the final cell density of cultures maintained on an ECM and exposed to plasma alone was 50% higher than that of cultures maintained on plastic and exposed to plasma and FGF. Addition of FGF to cultures maintained on an ECM and plasma did not affect their growth rate. It resulted instead in a final cell density slightly lower than that observed with cultures not exposed to FGF. When the growth rate and final cell density of cultures exposed to serum and FGF were compared as a function of the substrate upon which cells were maintained, addition of FGF to cultures maintained on plastic and exposed to serum resulted in a decrease in the mean doubling time of the cultures (from 30 to 16 hr) as well as in a 2-to 3-fold increase in the final cell density (Fig. 3B) . When FGF was added to cultures maintained on ECM, it did not affect their growth rate, which was already maximal (mean doubling time, 15 hr), nor did it affect their final cell density. One could therefore conclude that, although FGF greatly increases the growth rate of cultures exposed to plasma and, to a lesser extent, that of cultures exposed to serum when the cultures are maintained on plastic, it does not affect the growth rate of cultures maintained on an ECM and exposed to either plasma or serum.
Cells Maintained on ECM Depend on Factors Present in Plasma for their Proliferation. The increased rate of proliferation of cells maintained on ECM and exposed to plasma or serum could either be the result of (i) a direct mitogenic effect of the ECM, with the plasma or serum having a permissive role, or (ii) a direct mitogenic effect of plasma or serum, with the ECM having a permissive role. To distinguish between these NI, 35-mm dish on plastic or on an ECM. Cultures were maintained for 8 hr in the presence of DME medium supplemented with either 10%o plasma or serum. After 8 hr, the medium was removed and the cultures were washed once with fresh unsupplemented medium. Then, DME medium supplemented with 2.5 ,g of Fungizone and 50 ,g of gentamycin per ml and containing the indicated concentrations of serum or plasma was added to the dishes. FGF (100 ng/ml) was added every other day to some of the dishes. After 5 days, the cultures were trypsinized and the cells were counted. Conditions: cultures maintained on plastic and exposed to plasma (A) or to plasma and FGF (A); cultures maintained on plastic and exposed to serum (3) or to serum and FGF (-); cultures maintained on ECM and exposed to plasma (0) or to serum (0). two possibilities, cells maintained on ECM were exposed to increasing concentrations of plasma or serum and the final cell densities were compared (Fig. 4) . If the ECM were the mitogen and the plasma or serum had a permissive effect, one would expect little difference in the rates of proliferation between high (10%) and low (0.5%) plasma or serum concentrations. However, final cell density of cultures maintained on an ECM and exposed to either plasma or serum was found to be a direct function of the serum or plasma concentration. It is therefore likely that the proliferation of cells maintained on an ECM is controlled by factors present in plasma and that the ECM has only a permissive role.
DISCUSSION
Cell proliferation in vivo is controlled by both short-and long-range interactions. During the embryonic development, normal growth and differentiation of the epithelium are dependent upon the surrounding mesenchyme (16, 17) . It has been shown by others that the primary mechanism is the provision of the epithelium with a proper substratum (16 (24) . One is therefore led to wonder what the main difference is that is responsible for these discrepancies between the in vivo and in vitro conditions.
A common explanation for the lack of activity of hormones in vitro has been that their action in vivo is indirect and that they generate a second generation of factors (growth factors) that are directly responsible for the control of proliferation of target cells. Equally likely, however, is the possibility that cells maintained on plastic are prevented from responding to the physiological agents normally present in plasma. That this could be the case is suggested by our results. Vascular smooth muscle cells maintained on plastic require mitogens such as plateletderived growth factor(s) (6) , FGF (14) , or serum (6) in order to proliferate; when exposed to plasma they do not proliferate (4, 15) . In contrast, when maintained on an ECM they no longer require either serum or FGF and they respond to plasma factors. If, in the case of vascular smooth muscle cells, one were to extrapolate to the in vivo situation, maintaining them on an ECM and plasma is clearly a closer approximation to physiological conditions than exposing them to plastic and serum.
Because vascular smooth muscle cells proliferate at a maximal rate when maintained on an ECM and exposed to plasma, it is likely that they are responding to mitogen(s) already present in plasma rather than to FGF or to mitogen(s) generated during the coagulation process. We thank Mr. Harvey Scodel for his invaluable assistance in the preparation of this manuscript. This work was supported by Grants HL 23678 and HL 20197 from the National Institutes of Health.
